Drought stress is a major factor limiting growth of turfgrass. The study investigated physiological changes associated with synthesis of dehydrin and heat shock protein synthesis in response to drought stress and effects of Abscisic acid (ABA) application on drought tolerance in two cultivars, 'Southeast' and 'Rebel Jr.' of tall fescue
(Festuca arundinacea L.). Grasses were subjected to three treatments in growth chambers: well-watered control, drought stress, and drought stress following ABA treatment. Turf quality and leaf relative water content (RWC) decreased and electrolyte leakage (EL) increased during drought stress for both cultivars. The ABA-treated plants maintained higher turf quality and RWC and lower EL than untreated plants under drought stress conditions. Levels of 20-and 29-kDa polypeptides increased during drought stress, and a 35-kDa polypeptide was noted in both cultivars only when subjected to drought stress either with or without ABA treatment. 
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ABBREVIATIONS:
RWC, relative water content; ABA, abscisic acid; EL, electrolyte leakage; PMSF, phenylmethylsulfonyl fluoride;
SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis; Hsc, heat shock cognates Numerous physiological and biochemical changes occur in response to drought stress in various plant species. The alteration of protein synthesis or degradation is one of the fundamental metabolic processes that may influence drought tolerance (Chendler and Robertson, 1994; Ouvrard et al., 1996) . Both quantitative and qualitative changes of proteins are detected during water stress (Riccardi et al., 1998) .
Evidence is increasing in favor of the relationship between accumulation of drought-induced protein and physiological adaptations to water limitation (Bray, 1993; Han and Kermode, 1996; Riccardi et al., 1998) .
One family of proteins that accumulate in a wide range of species under dehydration stress are dehydrin proteins
[late embryogenesis abundant (LEA) D11 family], which range in size from 9 to 200 kDa (Close, 1996) . They are hydrophilic, and heat stable and may protect other proteins and help maintain physiological integrity of cells (Bray, 1993; Close et al., 1993) . Arora et ale (1998) reported that the accumulation of dehydrin proteins (25-60 kDa) in geranium (Pelargonium x hortorum) leaf induced by water stress was associated with increased heat tolerance. Drought regulation of dehydrin gene expression has been found in both drought-tolerant and drought-susceptible cultivars (Wood and Goldsbrough, 1997; Cellier et al., 1998) .
Dehydrin synthesis in response to abscisic acid (ABA) also has been observed (Cellier et al., 1998; Giordani et aI, 1999) . A correlation occurred between dehydrin gene transcript level and endogenous ABA content in maize (Zea mays L.) (Mao et al., 1995) . Exogenous application of ABA to several plant species induced a number of dehydrin-like proteins during dehydration or under drought stress (Bradford and Chandler, 1992; Han and Kermode, 1996; Pelah et al., 1997) . But the pathways of expression of dehydrins were found to be ABA-independent or only dehydrationdependent (Espelund et al., 1995; Whitsitt et al., 1997) .
The family of heat-shock proteins, such as Hs70, is also stress related proteins (Vierling, 1991) . Hs70 is an evolutionarily conserved family of 70-kDa proteins, which are considered as molecular chaperones (Anderson et al., 1994; Ellis and Van der Vies, 1991.) and presumed to playa role in protein folding and transport (Giorini and Galili et al., 1991) . Heat shock cognates, such as cytosolic Hsc 70, are constitutive and not induced strongly by heat shock (Lindquist and Craig, 1988) . They also accumulate during water stress (Arora et al., 1998 Plants were well-watered and maintained at the above conditions in the growth chambers for 15 d to allow adaptation before drought stress was imposed.
Water stress and ABA treatments 
Measurements of physiological parameters
Turf quality was rated visually as an integral of grass color, uniformity, and density on the scale of 0 (the worst)
to 9 (The best) (Turgeon, 1999) . The minimum acceptable level was 6.
Leaf relative water content (RWC) was determined according to the method of Barrs and Weatherley (1962) Electrolyte leakage (EL) of leaves was measured according to the method of Blum and Ebercon (1981) and Marcum (1998) 
SDS-PAGE and immunoblots
Samples for SDS-PAGE were prepared by the method of of SDS-PAGE sample buffer (65 mM Tris-HCl, 10 % glycerol, 2 % SDS, pH 6.8, 5 %~-mercaptoethanol) (Laemmli, 1970) .
Proteins were separated by discontinous SDS-PAGE with a PROTEAN II electrophoresis unit (Bio-Rad, La Jolla, CA, USA) using a 4 % stacking gel and 12.5 % running gel. Gels were stained over night with Colloidal Coomassie Blue G-250 (Neuhoff et al., 1998) . 
RESULTS
Physiological responses to drought stress
The turf quality rating decreased to below 6 at 10 d of drought stress in both cultivars, but plants treated with ABA maintained higher quality than untreated plants ( (Table 1) .
Protein changes
The SDS-PAGE analysis of soluble protein from leaves revealed that several polypeptides of 20-, 29-and 35-kDa accumulated or their band intensities increased during drought stress in both cultivars ( Fig. lA and IB) . The immunoblot analysis showed that Hsc 70 was present in all treatments for both cultivars including well-watered plants, but the levels were higher in drought-stressed plants with or without ABA treatment than in well-watered plants, especially at 10 d of treatment ( Fig. 3A and 3B) .
DISCUSSION
Turf quality and RWC decreased and EL increased with progressive drying to a similar extent for both cultivars, suggesting that growth, water relations, and cell membrane permeability for both Southeast and Rebel Jr. suffered from drought injury, although tall fescue is considered to be able to avoid drought by developing a deep root system (Sheffer et al., 1987) . The ABA treatment enhanced drought tolerance, as indicated by higher RWC and lower EL in both cultivars treated with ABA than those without ABA. The mechanisms by which drought stress and exogenous ABA affect drought tolerance are numerous and complex, which may include the induction of some polypeptides and dehydrin-like proteins (Pruvot et al., 1996; Han et al., 1997) .
Drought-induced polypeptides have been observed in many studies (Bewley et al., 1983; Perez-Molphe-Balch et aI, 1996; Arora et al., 1998; Riccardi et al., 1998) (1996) reported that a drought-induced increase in the synthesis of a chloroplastic protein of 34-kDa likely was regulated by ABA application.
Recently, drought-induced dehydrin proteins have been found in many species (Wechsberg et al., 1994; Han et al., 1997; Pelah et al., 1997; Arora et al., 1998) . Droughtinduced expressions of dehydrin genes were identified in both drought-tolerant and-sensitive cultivars (Wood and Goldsbrough, 1997) or to a higher level in tolerant cultivars (Labhilili et al., 1995) or in sensitive cultivars (Volaire et al., 1998) . In this study, dehydrin-like (Han and Kermode, 1996; Cellier et al., 1998) .
Dehydrins have been found to be induced by ABA in other species (Cellier et al., 1998; Giordani et al., 1999) However, in the present study, no specific dehydrins were induced by an application of 100~M ABA. Dehydrins of 53-kDa and 40-kDa did not occur in ABA-treated plants when leaf RWC was 88-90 %, but appeared when leaf RWC dropped to about 60 %. Yamaguchi-Shinozaki and Shinozaki (1994) reported that ABA-independent and the ABA-dependent signal transduction pathways might exist between stress and dehydrin gene expression. Giordani et al. (1999) suggested that these two pathways of regulating dehydrin transcript accumulation might have cumulative effects. Our results suggested that the enhancement of drought tolerance by ABA application, as manifested by higher turf quality during drought stress, was not related to the induction of dehydrins in tall fescue.
Other mechanisms could be involved in this positive effect of ABA, including the regulation of stomatal closure for water conservation (Davis, 1978) , and membrane integrity (Rajasekaran and Blake, 1999), because ABA-treated plants maintained higher RWC and lower EL.
The Hsc70 can accumulate under water stress (Arora et a., 1998) and cold acclimation (Wisniewski et al., 1996) . 6.7a *Means followed by the same letters within a column at a given day of drought treatment were not significantly different based on LSD test (P=0.05). 
